We assessed gene expression in tissue macrophages from various mouse organs. The diversity in gene expression among different populations of macrophages was considerable. Only a few hundred mRNA transcripts were selectively expressed by macrophages rather than dendritic cells, and many of these were not present in all macrophages. Nonetheless, well-characterized surface markers, including MerTK and FcgR1 (CD64), along with a cluster of previously unidentified transcripts, were distinctly and universally associated with mature tissue macrophages. TCEF3, C/EBP-a, Bach1 and CREG-1 were among the transcriptional regulators predicted to regulate these core macrophage-associated genes. The mRNA encoding other transcription factors, such as Gata6, was associated with single macrophage populations. We further identified how these transcripts and the proteins they encode facilitated distinguishing macrophages from dendritic cells. 
The team of immunologists and computational biologists of the Immunological Genome (ImmGen) Project share the goal of generating an exhaustive definition of gene-expression and regulatory networks of the mouse immune system through shared resources and rigorously controlled data-generation pipelines 1 . Here we turned our attention to gene-expression and regulatory networks in tissueresident macrophages. Macrophages are professional phagocytic cells, often long lived, that reside in all organs to maintain tissue integrity, clear debris and respond rapidly to initiate repair after injury or innate immunity after infection 2, 3 . Accordingly, macrophages are specialized for the degradation and detoxification of engulfed cargo, and they are potent secretagogues able to develop an array of phenotypes 4 . Macrophages can also present antigens but lack the potency for stimulating T cells observed in dendritic cells (DCs), and they usually fail to mobilize to lymphoid tissues in which naive T cells are abundant. Partially overlapping functions for macrophages and DCs, reflected by overlapping molecular profiles, have for decades fueled some debate over the origins and overall distinction between macrophages and DCs 5 .
In the past several years, considerable progress has been made in the identification of precursor cells specific to DCs [6] [7] [8] . Moreover, transcription factors have been identified, such as Batf3, that are essential for the development of some DCs but are not required for macrophage specification 9 . Advances have also been made in delineating the development of tissue macrophages. Contrary to the prevalent idea that monocytes are precursors of tissue macrophages, some earlier work contended that tissue macrophages arise from primitive hematopoietic progenitors present in the yolk sac during embryonic development independently of the monocyte lineage 10 , and support for that contention has emerged from fate-mapping and genetic models 11, 12 . Thus, in the adult, the maintenance of tissue macrophages involves local proliferation, again independently of monocytes and definitive hematopoiesis 10, 12 . In this context, the transcription factor MAFB (c-Maf) has been shown to regulate macrophage self-renewal 13 . Some transcription factors that drive the development of specific macrophage types such as osteoclasts 14 or red-pulp macrophages 15 have also been reported. However, much remains to be determined about the transcriptional regulatory pathways that control other types of macrophages or global regulatory pathways that govern macrophages as a group of related cells 3 . The database generated by the ImmGen Project has created a unique resource for the comparison of gene-expression profiles and the identification of regulatory pathways that specify or r e s o u r c e unify macrophage populations from different organs. Our analysis here of the macrophage transcriptome in this context will enable the analysis of networks of genes and their regulators that can be used to better distinguish different types of macrophages and pinpoint the differences between macrophages and DCs.
RESULTS

Tissue macrophage diversity
As part of the ImmGen Project, we sorted several tissue macrophage populations from C57BL/6J mice according to strict, standardized procedures and analyzed these populations by whole-mouse genome miroarray. Strategies for sorting these populations are available at the ImmGen Project website. We began our analysis by examining the gene-expression profiles of resting macrophage populations that have historically been characterized and accepted as true resident tissue macrophages 12 . Although some classic macrophages, such as Kupffer cells of the liver and metallophilic or marginal-zone macrophages of the spleen, proved elusive for definitive identification and/or isolation through sorting by flow cytometry, the following four resting macrophage populations submitted to the ImmGen Project met the criteria of true macrophage populations: peritoneal macrophages; redpulp splenic macrophages; lung macrophages; and microglia (brain macrophages). Principal-component analysis (PCA) of all genes expressed by the four sorted macrophage populations and several DC populations showed a greater distance between the macrophages than between the DCs (Fig. 1a) . Pearson correlation values were high for replicates in a given DC or macrophage population according to the quality-control standards of the ImmGen Project; variability within replicates for a single population varied from 0.908 ± 0.048 for microglia to 0.995 ± 0.001 for peritoneal macrophages. Pearson correlations for the gene-expression profiles of various populations of DCs yielded coefficients that ranged from 0.877 (liver CD11b + DCs versus spleen CD8 + DCs) to 0.966 (spleen CD4 + CD11b + DCs versus spleen CD8 + DCs; mean of all DC populations, 0.931), whereas the correlation coefficients for the tissue macrophages ranged from 0.784 (peritoneal versus splenic red pulp) to 0.863 (peritoneal versus lung) with a mean of 0.812 (Fig. 1b) . Several thousand mRNA transcripts had a difference in expression of at least twofold in, for example, lung macrophages versus red-pulp splenic macrophages (Fig. 1c) . This degree of diversity was greater than that observed for DCs of different subsets (CD103 + versus CD11b + ) from various organs (Fig. 1c) . Finally, a dendrogram applied to the various populations showed that DCs clustered more closely than macrophages did (Fig. 1d) , and this was true whether we considered all gene transcripts in the array (data not shown) or only the top 15% ranked by the cross-population maximum/minimum ratio or coefficient of variation (Fig. 1d) . Overall, these comparisons indicated considerable diversity among tissue macrophage populations.
Distinct molecular signatures among tissue macrophages
The diversity among the four classical macrophage populations noted above extended to gene families previously associated with macrophage function: those encoding chemokine receptors, Toll-like receptors (TLRs), C-type lectins and efferocytic receptors. For example, in each population, at least one distinct chemokine receptor had much higher expression than the others (Supplementary Fig. 1a) . The diversity in the expression of TLRs, C-type lectins and efferocytic receptors was also considerable (Supplementary Fig. 1b-d) . Indeed, only a few of the mRNA transcripts profiled in these categories, including mRNA encoding the Mer tyrosine kinase receptor (MerTK), which is involved in the phagocytosis of apoptotic cells 16 , as well as mRNA encoding TLR4, TLR7, TLR8 and TLR13, showed relatively uniform expression across all macrophages compared. Hundreds of mRNA transcripts had a selective difference in expression of at least twofold (higher or lower expression) in only one of the macrophage populations (Fig. 2a) , and microglia in particular had low expression of hundreds of transcripts that were expressed in other macrophage populations (Fig. 2a) . Using Ingenuity pathwayanalysis software tools, we found enrichment for each specific signature in groups of transcripts encoding molecules with predicted specific functions, including oxidative metabolism in brain macrophages, lipid metabolism in lung macrophages, eicosanoid signaling in peritoneal macrophages and readiness for interferon responsiveness in red-pulp macrophages (Supplementary Table 1 Events (% of max) 
we simultaneously compared the gene-expression profiles of the four macrophage populations, the number of transcripts with expression that was fivefold or more higher or lower in only one macrophage population relative to their expression in all three of the other populations was notable (Fig. 2b) . We also found that many transcripts had much lower expression in only one population than in the others (Supplementary Fig. 2 ). Several transcription factors had much higher expression in just one of the four macrophage populations (Fig. 2c) . For example, expression of the gene encoding the transcription factor Spi-C was restricted to splenic red-pulp macrophages, which fit with published work showing that Spi-C has a critical role in controlling the development of these cells 15 . Diversity at the gene-expression level corresponded to that at the protein level. For example, we detected the integrin CD11a (LFA-1) and the adhesion molecule EpCAM on lung macrophages but not on microglia, spleen or peritoneal macrophages; the adhesion molecules VCAM-1 and CD31 (PECAM-1) were selectively displayed by spleen macrophages; the C-type lectin transmembrane receptor CD93 and the adhesion molecule ICAM-2 were expressed by peritoneal macrophages but not the other macrophages; and the chemokine receptor CX3CR1 and the lectin Siglec-H were selectively present in microglia (Fig. 2d) . Together these data indicated that macrophage populations in different organs expressed many unique mRNA transcripts that would equip them for specialized local functions.
Identification of a core macrophage signature
In the midst of the vast diversity among macrophages from different organs, we next sought to identify a core gene-expression profile that generally unified macrophages and distinguished them from other types of cells of the immune system. Among all hematopoietic cells, the cells anticipated to be most similar to macrophages are DCs 5 . To search for mRNA transcripts that distinguished macrophages from DCs, we compared the four selected prototypical macrophage populations with the most well-defined classic DC populations, including resting CD8 + or CD4 + CD11b + splenic DCs, CD103 + tissue DCs and various populations of lymph node CD11c + migratory DCs with high expression of major histocompatibility complex (MHC) class II (MHCII hi ) 17, 18 . Because tissue CD11b + DCs may be contaminated with macrophages 19 , we initially excluded tissue CD11b + DCs from the comparison. This comparison identified only 14 transcripts that were expressed in all four macrophage populations but were not expressed in DCs ( Table 1) . These included mRNA anticipated to have high expression in macrophages, such as Fcgr1 (which encodes the immunoglobulin Fc receptor CD64) and Tlr4. Two of these molecules, the receptor for the cytokine G-CSF (encoded by Csf3r) and the MHC class I-related molecule MR1 (encoded by Mr1), which is involved in the activation of mucosa-associated invariant T cells 20 , function at least partly at the cell surface. In agreement with the pattern of mRNA expression, we found MR1 protein on spleen and lung macrophages but not on classical DCs (Supplementary Fig. 3 ), which suggested that MR1 on macrophages rather than on DCs may drive the activation of mucosa-associated invariant T cells. Other transcripts identified encode proteins involved in signal transduction, such as the kinase Fert2 (encoded by Fer (called 'Fert2' here)), or in metabolism and lipid homeostasis, such as peroxisomal trans-2-enoylCoA reductase (encoded by Pecr) and alkyl glycerol monooxygenase (encoded by Tmem195), which is the only enzyme that cleaves the O-alkyl bond of ether lipids such as platelet-activating factor, shown to be actively catabolized in association with macrophage differentiation in vitro 21 . To that small number of mRNA transcripts, we added probe sets that did not lack expression by DCs but had signal intensity least twofold lower in all single DC populations than the lowest intensity of that same probe set in each macrophage population. Thus, we were able to add 25 more transcripts to that 'macrophage core' list ( Table 1; mean transcript expression, Supplementary Table 2) , including those known to be associated with macrophages, such as Cd14, Mertk, Fcrg3 (which encodes the immunoglobulin Fc receptor CD16) and Ctsd (which encodes cathepsin D).
F4/80 (encoded by Emr1) has served as the most definitive marker of macrophages so far 5, 12 . However, to identify additional mRNA transcripts widely associated with macrophages with the core list of macrophage-associated genes, including Emr1, Mafb and Cebpb, we found it necessary to adjust the criteria of the approach described above to include transcripts expressed in only three of four macrophage populations because, for example, Emr1 mRNA had low expression in microglia. Making this adjustment expanded the list of mRNA transcripts associated with macrophages and added another 93 genes ( Table 1 ). Additional macrophage-associated genes such as Mrc1 (which encodes the mannose receptor CD206), Marco and Pparg were not identified until we 'loosened' the criteria so that only two of four prototypical macrophage populations needed to express a given transcript whose expression was otherwise absent or low on DCs ( Table 2 ; transcript expression, Supplementary Table 3 ). Cd68 mRNA, widely used to identify tissue macrophages, had similar expression in DCs and macrophages and we therefore excluded it from the list. However, as a protein, its expression was still several orders of magnitude higher in macrophages than in DCs of the spleen (Supplementary Fig. 4) . In summary, the expression of 366 transcripts (Tables 1 and 2) was absent from classical DCs or was much lower in classical DCs than in macrophages. However, because of the great diversity among macrophages, expression of only 39 of these transcripts was shared by all tissue macrophages we compared.
Coexpressed genes and predicted transcriptional regulators
The computational biology groups of the ImmGen Project have analyzed the transcriptional program of the entire large database generated by the ImmGen Project (V. Jojic et al., data not shown, and Supplementary Note 1). First, mRNA transcripts were clustered into 334 fine modules on the basis of patterns of coexpression. Then the Ontogenet algorithm (developed for the ImmGen Project data set) was applied to identify a regulatory program for each fine module on the basis of its expression pattern, the expression pattern of regulators and the position of the cells on the hematopoietic lineage tree. ImmGen Project modules, including the gene lists in each module, and regulatory program metadata are available online (http://www. immgen.org/ModsRegs/modules.html), and the numbering of the modules there is used here.
When we mapped the list of the 366 mRNA transcripts associated with macrophages according to their placement in various fine modules, 14 modules showed significant enrichment for the macrophageassociated gene signature we identified (Fig. 3a) . In particular, the 11 genes of module 161 (A930039a15Rik, Akr1b10, Blvrb, Camk1, Glul, Myo7a, Nln, Pcyox1, Pla2g15, Pon3 and Slc48a) were significantly induced in all four macrophage populations used to generate the list of macrophage-associated genes (Fig. 3a) . Other modules, such as module 165, contained genes significantly induced in several specific groups of macrophages but not in all groups of macrophages (Fig. 3a) . The 11 genes of module 161 encode molecules involved in redox regulation, heme biology, lipid metabolism and vesicular trafficking (Supplementary Table 4) . Beyond the comparison to DCs, the genes in module 161, expressed in all macrophages, were not expressed by any other hematopoietic cell types, including granulocytes or any of npg r e s o u r c e the blood monocyte subsets (Fig. 3b) , which indicated that this list of genes was selectively associated with mature macrophage differentiation in the hematopoietic system. As a framework for future studies of the transcriptional control of the development, maintenance and function of macrophages, we examined the predicted activators assigned by the Ontogenet algorithm to the modules associated with the macrophage core genes. One example is the activators predicted by Ontogenet algorithm to control the expression of the 11 gene transcripts of module 161 (Fig. 3b) . Overall, a highly overlapping set of 22 regulators emerged from the 14 macrophage-associated modules (Fig. 3c) . In particular, TCFE3, C/EBP-α and Bach1 were predicted activators in a majority of these modules (>75%). Other predicted regulators, such as CREG-1 (the cellular repressor of genes stimulated by the transcription factor E1A), were unexpectedly but prominently identified. Among the 22 regulators associated with the 14 modules, 18 were predicted by Ingenuity pathway tools to interact in a regulatory network on the basis of known protein-protein interactions or mutual transcriptional regulation (Fig. 3d) . These regulators represented five main families of transcriptional factors (Fig. 3d) . The evaluation score generated for this network had a P value of ≤10 −35 . Beyond modules of genes that unified the four tissue macrophage populations we studied, several modules were selectively associated with a single macrophage population (Supplementary Table 5 ). In these specific modules, predicted regulators included Spi-C for red-pulp macrophages, which confirmed a regulation already known 15 and thus provided support for the predictive power of the algorithm, and GATA-6 as a regulator of peritoneal macrophages (Supplementary Table 6 ).
Core signatures to identify macrophages Finally, we used the core signature of resting macrophages defined above to assess mononuclear phagocyte populations that we excluded from our earlier core analysis because of the paucity of information on a given population or controversy in the literature about their origins or functional properties, including whether they should be classified as DCs or macrophages. In the ImmGen Project database, each population has been assigned a classification a priori as DC or macrophage. For clarity and for consistency with the database, the names of these populations will be used here (and in Fig. 4; glossary, Supplementary Note 2) . These populations included resting and thioglycollate-elicited mononuclear phagocytes that expressed CD11c and MHC class II (Supplementary Fig. 5) , skin Langerhans cells, bone marrow macrophages 22 , and putative CD11b + tissue DCs, including those in the liver and gut. All thioglycollate-elicited cells from the peritoneal cavity, even those that coexpressed CD11c and MHC class II, had high expression of genes in the 39-gene macrophage core and in module 161 itself, similar to the prototypic macrophage populations used to generate the core (Fig. 4a,b) ; this indicated that these cells were indeed macrophages despite their coexpression of CD11c and MHC class II. However, Langerhans cells and CD11c + MHCII + CD11b + cells from the liver (CD11b + liver DCs in the ImmGen Project database) did not have robust expression of the 39-gene macrophage core signature or module 161 alone, nor did bone marrow macrophages (Fig. 4a,b) . CD11c + MHCII + CD11b + CD103 -cells from the intestinal lamina propria and CD11c lo MHCII + CD11b + cells from the serosa that have been called DCs in many studies expressed genes of the macrophage core signature, including those from module 161 (Fig. 4a,b) , which suggested a strong relationship to macrophages. Accordingly, we call these cells 'CD11b + gut macrophages' and 'CD11c lo serosal macrophages' here (and on the ImmGen Project website). We clustered those mononuclear phagocytes on the basis of their expression of the 39-gene macrophage core to model their relatedness to each other (Fig. 4c) . Langerhans cells of the skin and bone marrow macrophages were positioned at the interface between DCs and macrophages, with a distant relationship to classical DCs, but failed to cluster with macrophages (Fig. 4c) .
As mentioned earlier, nonlymphoid tissue CD11b + DCs have been suggested to be heterogeneous 19 . Thus, we reasoned that the use of 
Genes with higher expression by all four prototypical macrophage populations (far left) or by three of the four populations (lacking (−) one of the four) than in classical or migratory DCs; bolding indicates signal intensity showing lack of expression by DCs; no bolding indicates expression in DCs, but higher expression in macrophages. Data are pooled from three or more experiments. npg r e s o u r c e antibodies to cell-surface proteins identified as macrophage specific by our gene-expression analysis might be used to identify macrophage 'contaminants' in a heterogeneous population. Furthermore, we aimed to determine if the same cell-surface markers might also prove valuable in identifying macrophages universally, including identification in organs beyond those we initially analyzed and/or those in which F4/80 has not proven sufficiently definitive. We selected the lipopolysaccharide receptor CD14, the FcγRI CD64 and the kinase MerTK as 
Genes with higher expression by two of four prototypical macrophage populations than in classical or migratory DCs (bolding and debolding as in Table 1 ). Data are pooled from three or more experiments. npg r e s o u r c e cell-surface proteins among the group of proteins encoded by the 39 mRNA transcripts with expression deemed to be low or absent in DCs but present in all macrophages and to which high-quality monoclonal antibodies have been generated. Indeed, all of these proteins were expressed on all of the four resident macrophage populations used in our primary analysis (Fig. 5a) , with lower expression of CD14 than of CD64 or MerTK (Fig. 5a) . Two of these tissues, spleen and lung, have substantial DC populations. In the spleen, antibodies to MerTK, CD64 or CD14 did not stain CD8 + or CD11b + DCs (Fig. 5a) . However, in the lung, in which interstitial pulmonary macrophages are CD11b -, there may still be an underlying heterogeneity of lung CD11b + DCs that includes a subset of CD11b + macrophages 19, 23, 24 . Indeed, CD14, CD64 and MerTK were expressed by a portion of lung CD11b + DCs but not by CD103 + DCs (Fig. 5a) . Gating on MerTK + CD64 + cells showed most of these cells were Siglec-F + lung macrophages, but a small proportion of MerTK + CD64 + cells in the lung were Siglec-F -cells with high expression of MHC class II (Fig. 5b) . By our usual gating strategy for lung DCs (Fig. 5c ), DCs were defined as Siglec F -CD11c + MHCII + cells. However, the small population of Siglec-F -MerTK + CD64 + cells that may instead have been macrophages (Fig. 5b) were partially in the standard DC gate (Fig. 5c) . Indeed, we were able to separate CD11b + DCs into CD11b + CD24 + CD64 lo MerTK -CD14 int cells and CD11b + CD24 lo CD64 + MerTK + CD14 hi cells (Fig. 5d) . Thus, the latter was probably a population of macrophages that segregated together with DCs, through the use of many markers, but were not DCs. Indeed, the CD11b + DCs were segregated by CD24 expression in the ImmGen Project on the basis of the likelihood that those expressing CD24 were true DCs but those without CD24 were not. Our findings suggested that this possibility was likely and indicated the utility of using markers such as MerTK and CD64 as a panel to facilitate the identification of macrophages versus DCs.
We next turned to two tissues, liver and adipose, not analyzed by the ImmGen Project in terms of gene-expression profiling of macrophages to determine if the use of staining for MerTK and CD64 would facilitate the identification of macrophages in those tissues and distinguish them from DCs. In the liver, we started with a classic approach of plotting F4/80 expression versus Table 1 Genes from Table 2 Lung Spleen Peritoneum npg r e s o u r c e scatter that express Siglec-F universally 25 . Indeed, among macrophages, Siglec-F is observed only on macrophages in the lung 26, 27 (as used to identify lung macrophages here; eosinophils did not contaminate lung macrophages, which we separated from eosinophils by their high CD11c expression and relative lack of CD11b expression in the macrophages (Supplementary Fig. 6) ). In the liver, the abundance of F4/80 on eosinophils overlapped that of another population of F4/80 + cells (those with low side scatter) that were CD11c lo in liver (Fig. 5e) . Even after excluding eosinophils, we found four gates of cells with various expression of F4/80 and CD11c (Fig. 5e) . There was high expression of MerTK and CD64 in two of these gates, one composed of cells with the highest expression of F4/80 (gate 2) and another with lower expression of F4/80 (in gate 3). These findings suggested two populations of F4/80 hi and F4/80 lo liver macrophages that may correspond to the two types of macrophages believed to be present in many organs 12 . The liver CD45 + cells with highest expression of CD11c were MerTK -CD64 - (Fig. 5e) , which suggested they were liver DCs. Reverse gating showed that all MerTK + CD64 + cells were in one of the two putative macrophage gates (Fig. 5e) . Gate 1 without eosinophils probably contained blood monocytes, which were not MerTK + . We noted relatively similar results for adipose tissue (Fig. 5f) , in which the cells with the highest F4/80 expression were MerTK + CD64 + and those with higher CD11c expression and lower F4/80 expression were MerTK -CD64 -. In both liver and adipose tissue, expression of MHC class II was high on macrophages and DCs (Fig. 5e,f) . Because F4/80 and CD11c are both expressed by many tissue macrophages and DCs, albeit in amounts that are somewhat different, distinguishing macrophages and DCs on the basis of these traditional markers can be difficult. Staining for MerTK and CD64 offers the advantage of distinct differences in the magnitude of expression in macrophages versus DCs. Thus, we propose that costaining for MerTK and CD64 provides a powerful approach for identifying macrophages universally and selectively in mouse tissues. Beyond those cell-surface markers closely associated with macrophage identity, we identified other transcripts associated only with macrophages among hematopoietic cells. In particular, module 161 of the ImmGen Project identified a group of genes (A930039a15Rik, Akr1b10, Blvrb, Camk1, Glul, Myo7a, Nln, Pcyox1, Pla2g15, Pon3 and Slc48a) coexpressed across the entire data set of the ImmGen Project and that encode molecules with functions compatible with the function of macrophages, but none of them have previously been considered macrophage markers. Both the genes from this module and their predicted regulators deserve attention in the future. The Ontogenet algorithm makes it possible to extend the macrophage-associated genes we identified to regulatory programs that may control them. The finding of induction of expression of a single module (330) in red-pulp macrophages relative to its expression all other macrophages and the predictions generated by the algorithm indicating that this module is regulated by Spi-C supported the reliability of the prediction of the regulatory programs by the algorithm, as Spi-C is already known to be required selectively for the development or maintenance of red-pulp macrophages 15 . Additional information has also emerged, such as the association of modules unique to peritoneal macrophages that are predicted to be regulated by GATA-6.
Gene transcripts with high expression in multiple macrophage populations but without high expression in DCs were associated with predicted transcriptional regulatory programs that differed considerably from those identified in DCs 28 . The predicted regulatory programs of modules enriched for macrophage-associated genes included several members of the MiT family of transcription factors recognized as being expressed specifically in macrophages 3 , as well as transcription factors not previously associated with macrophages, such as Bach1 and CREG-1. Bach1 has been studied very little in macrophages but has been linked to osteoclastogenesis 29 and is a regulator of heme oxygenase 1 (ref. 30) . CREG-1 is a secreted regulator 31, 32 associated broadly with differentiation 33 and cellular senescence 34 that has been associated with macrophage-enriched gene modules, although it has never been studied before in the context of macrophage biology, to our knowledge. The Ontogenet algorithm predicted that RXRα is the most prominent key activator of the highly specific and universal macrophage module 161. Future analysis of these predictions should be useful in showing how macrophage identity and function is controlled.
So far, the ImmGen Project has focused mainly on cells recovered from resting, uninfected mice, in which macrophages derive mainly from the yolk sac 12 . Macrophage polarization in the context of infection and inflammation is a topic of great interest that this study has scarcely been able to address beyond finding that monocytes recruited to the peritoneum in response to thioglycollate upregulated the expression of mRNA transcripts observed in resting tissue macrophages, even though it now seems that monocytes are not precursors of resting tissue macrophages as they are of inflammatory macrophages. The foundations laid here suggest that future additions to the ImmGen Project database of macrophages recovered in disease states should add to the understanding of how to manipulate these crucial cells to favor desired outcomes in disease. Given the great diversity of macrophages in different organs, which we anticipate is present even in inflamed organs, such studies may be expected to ultimately generate therapeutic approaches to selectively target macrophages in diseased organs without affecting other cell types.
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